Transformation Studies in Solanaceous Plants by Rao, Venugopal
Abstract

The family Solanaceae is unique in representing crops like potato, tomato, eggplant, and pepper that are of importance to both arable and horticultural sectors. Its economic importance, and recent progress in molecular biology, has propelled the Solanaceae to the forefront of scientific importance in the fields of comparative genomics and plastome biology research with other model organisms that are well studied, such as rice, Arabidopsis and tobacco, respectively. An understanding of the plastome biology of the Solanaceae makes this an ideal time to link plastomics with plant genomics. 

Tomato (Solanum lycopersicum L.) cv. MicroTom is a miniature-dwarf-determinate, originally bred for home gardening purposes. It differs from standard tomato cultivars by only two recessive genes which provide the dwarf phenotype to MicroTom. Like the model plant species Arabidopsis thaliana, the unique biological features of MicroTom i.e., small size (up to 1357 plants/m2), short life cycle (70 - 90 days from sowing to fruit ripening), well-characterized genetics, and small DNA content per haploid genome, have recently led to its adoption as model research material for the Solanaceae.

Tomato c.v MicroTom (Solanum lycopersicum L.) and tobacco (Nicotiana benthamiana L.) were selected to study the following objectives:
	To standardize protocol for establishment and maintenance of axenic cultures of Solanum lycopersicum L. cv. MicroTom and Nicotiana benthamiana L.
	To develop efficient regeneration protocol from leaf explants of tomato cv. MicroTom.
	To investigate different parameters for influencing in vitro flowering and fruiting of tomato cv. MicroTom.
	To develop protocol for Agrobacterium-mediated transformation in tomato cv. MicroTom using gus as a reporter gene and hpt as a selectable marker.
	To develop protocol for Agroinfiltration-mediated transformation in tomato cv. MicroTom and tobacco using GFP as a visual marker.
	To develop protocol for Agroinfiltration-mediated transformation in tomato cv. MicroTom and tobacco using GFP-fused putative antiphagocytic protein 1 (APP1) and zinc-finger protein (ZF1) from Oryza sativa L.
	To develop a suitable protocol for transformation in tomato cv. MicroTom using particle bombardment - mediated gene delivery method.
	Standardization of plastid transformation  protocol using pRB 94 containing aadA cassette.

Seeds of Solanum lycopersicum L.  cultivar MicroTom were obtained from Dr Avraham A Levy, Department of Plant Sciences, Weizmann Institute of Sciences, Rehovot, Israel. Seeds were imbibed for 6 hours in distilled water and then surface sterilized with 0.1% mercuric chloride (HgCl2) for 3-5 minutes and then washed thrice with sterile distilled water, then germinated on the surface of Murashige and Skoog (MS) basal medium. After 15 days of culture, seedlings were transferred to fresh MS basal medium for further growth until complete plantlet formation. Regenerated plants were propagated by sub culturing node cuttings derived from seedlings on MS medium supplemented with different concentrations (0.44, 2.22, 4.45, 6.67, 8.90, 13.34 and 14.7 µM) of 6-benzylaminopurine (BAP). At concentration of 8.90 µM BAP the best response (90%) with maximum number of multiple shoots (2.5) in cultures to that of higher BAP at 13.34 or 14.7 µM concentrations. For rooting, elongated microshoots were excised and transferred onto MS medium supplemented with 4.9 µM indole-3-butyric acid (IBA).

Efficient methods for in vitro propagation, regeneration, and transformation of plants are of pivotal importance to both basic and applied research. In this study an efficient leaf based in vitro regeneration protocol in tomato (cv. MicroTom) using different combinations of BAP + IAA was developed. Multiple shoots were induced from leaf explants of Solanum lycopersicum L. cultivar MicroTom, within 20-25 day, on MS medium supplemented with 8.9 µM benzylaminopurine (BAP) + 1.14 µM indole-3-acetic acid (IAA). For rooting, elongated microshoots were excised and transferred onto MS medium supplemented with 4.9 µM indole-3-butyric acid (IBA). Well developed roots and flower racemes were obtained on days 7 and 13 respectively, upon transfer of the microshoots onto rooting medium. The flowers self fertilized in vitro and produced mature fruits in additional 15-17 days of culture. Potassium Iodide staining showed 40-50% of pollen viability. The cross section of the fruit revealed the presence of normal placenta and seed tissue.

Efficient Agrobacterium-mediated genetic transformation of Solanum lycopersicum L. cv. MicroTom was developed using Agrobacterium tumefaciens strain LBA 4404 harbouring the binary vector pCAMBIA1301 with ß-glucuronidase (uidA) and hygromycin phosphotransferase (hpt) genes. In vitro shoot culture derived leaf segments, pre-cultured for 1 d were co-cultivated with the strain for 1 d. The co-cultivated explants at every 15 d of time interval were cultured on shoot induction and regeneration medium (SIRM). The elongated hygromycin-resistant shoots were subsequently rooted on the MS medium supplemented with 4.9 µM IBA and 12.5 mg/l hygromycin (SRIM-Selective root induction medium). Successful transformation was confirmed and monitored by histochemical assay for gus activity followed by PCR analysis using uid and hpt specific primers resulted in transgenes successful insertion and integration in the regenerated plants. Integration of hpt gene into the genome of transgenic plants was also verified by southern blot analysis. Low transformation efficiency at a rate of 16.6 % with a mean number of 1.4±0.56 transgenic plantlets per explant was recorded in the present genetic transformation system. It took only 2-3 months from seed germination to positive transformants transplanted to soil. 

Agrobacterium-mediated transient gene expression system in intact plant leaves is a rapid and useful method for analysis of gene expression. In this study, we assessed the feasibility of Agrobacterium-mediated transformation (agroinfiltration) of tomato and tobacco leaf tissue to follow intracellular targeting of proteins from rice fused to green fluorescent protein (GFP). For this, a simple in planta assay for the subcellular localization of rice proteins in the heterologous host systems of tomato and tobacco leaf via transient transformation was developed. We have tested the applicability of this method by expressing GFP fusions of the putative antiphagocytic protein 1 (APP1) (OsAPP, LOC_Os03g56930) and ZOS3-18 – C2H2 zinc-finger protein (OsZF1, LOC_Os03g55540) from Oryza sativa L. sub sp. japonica in tomato and tobacco leaf tissues. Our results demonstrate the suitability of GFP as a reporter in gene expression studies in the tomato cv MicroTom. The use of GFP - fused proteins from rice for the subcellular targeting in the heterologous hosts of tomato (cv. MicroTom) and tobacco plant systems has been confirmed. 

The transient expression of reporter genes using biolistics approach is now well established for the functional assays. Bombardment parameters were optimized using gus as reporter gene with an indigenous built gene gun apparatus. Plates bombarded at a microcarrier flight distance of 8 cm, using helium driven pressure of 60 psi and a chamber vacuum of 25 inches of mm Hg gave best expression in leaf tissue as compared to other parameters. 

An attempt has been made to optimize plastid transformation in tomato cv. MicroTom using pBR 94 vector harbouring aadA (Aminoglycoside 3’ adenyltransferase) gene as selectable marker that confer resistance to spectinomycin. Different concentrations of the antibiotic (spectinomycin) were tested, i.e. 50 - 500 mg/l to develop efficient selection pressure. Among all the above concentrations 100 mg/l spectinomycin was found to be optimal for selection. Initially transformants were selected on MS medium + BAP +IAA with 100 mg/l spectinomycin. Further the cultures were subsequently placed on shoot proliferation medium containing zeatin and IAA with 100 mg/l of spectinomycin. After 20 days green leaf tissue proliferation was observed from the callus. Subsequently they were subcultured at regular intervals of 2-3 weeks for achieving homoplasmic state.  PCR analysis of transplastomics confirmed that successful integration of aadA. 


